Abstract: The objective of this study was to assess the oral health status of users of illicit drugs such as marijuana and cocaine/crack and compare it with individuals not using these chemical substances.
Introduction
According to the United Nations Office on Drug and Crime, it is estimated that, worldwide, 243 million people aged 15 to 64 are users of some illicit drug, which leads to approximately 5.000 drug-related deaths per year in Latin America and the Caribbean. The World Health Organization (WHO) Expert Committee on Drug Dependence defines a psychoactive drug as a chemical, whether natural or synthetic, that when taken by any route (inhalation, ingestion, intramuscular, intravenous) acts on the central nervous system, producing physical and/or psychiatric alterations, generating altered sensations, or modifying the psychological state, i.e., altering the person's behavior. Currently, there is a sharp increase in the misuse of psychoactive substances (PAS), which can produce severe physical and mental effects, resulting in individual, family, and social conflicts, with serious impacts on society. 1 Cannabis sativa, also known as marijuana, is the most commonly used drug worldwide among all PAS. Marijuana users have greater oral cavity deterioration than non-users, with increased risk of caries and periodontal disease. 2, 3 Higher levels of decayed, missing and filled teeth (DMFT) and bacterial plaque indices have been found in marijuana users than in non-users. 1, 4 Moreover, users are more prone to oral infections, possibly due to alterations in oral immunology, 2 and drug use can be associated with dysplastic changes and potentially malignant disorders of the oral mucosa, increasing the incidence of squamous cell carcinoma.
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Marijuana cigarettes can contain up to twice the amount of polycyclic aromatic hydrocarbons as tobacco cigarettes, and the usual consumption without a filter leads to a higher concentration of inhaled smoke. However, the relationship between marijuana use and oral cancer is still not clear. 6 The association between marijuana and oropharyngeal and tongue cancers suggests that the biological effects of C. sativa are pro-and anti-carcinogenic. 5 Marks et al. 5 observed that C. sativa play a role in immune cells, suppressing pro-inflammatory cytokine production and enhancing anti-inflammatory cytokine production, leading to reduced host immune responses as well as suppression of anti-tumor immunity. Additionally, it has also been shown in epithelial cell lines that marijuana has antitumor effects through the arrest of uncontrolled cell growth, enhancement of apoptosis, downregulation of angiogenesis, and cellular migration.
Cocaine (Erythroxylon coca) is another PAS widely used around the world that was proved to induce significant changes in epithelial cells of oral mucosa. 7 The nuclear area and the ratio between nuclear area and the cytoplasmic area of stratified squamous epithelium cells of the oral mucosa were reduced in cocaine or crack users; this reduction was associated with the higher rate of keratinization in these individuals. 7, 8 Inflammatory changes were induced in the oral epithelium of cocaine/crack users. 8 When rubbed on the gum surface for rapid absorption, cocaine powder can cause mucosal irritation. The mucosal absorption of E. coca can lead to oral lesions as a consequence of decreased blood supply due to vasoconstriction of the affected region, resulting in tissue necrosis.
7 Nevertheless, the relationship of cocaine/crack use and their effects on the mouth is scarcely discussed in the scientific literature.
Data from the II Brazilian National Alcohol and Drugs Survey indicated a prevalence of approximately 4% of marijuana use among adolescents and there are reports of increasing dependence. 9 Regarding cocaine and crack, 1.7% of Brazilians have used intranasal cocaine and approximately 0.8% reported smoking cocaine in the form of crack. The prevalence of intravenous drug use in Brazil was considered very low. 10 The frequent use of illicit drugs leads to various social and individual complications, such as risky behavior, violence, and other problems, that interfere directly with an individual's health. However, substance abuse also contributes to other consequences including decreased oral health resulting from bad hygiene habits, a trend to increased consumption of sweets, irregular eating patterns, malnutrition, and infrequent visits to the dentist. 11 Moreover, poor oral health had a substantial impact on the daily functioning of individuals addicted to alcohol and/or drugs.
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A low quality of life of psychoactive substances users is related to a high DMFT index and low income, among other factors. Thus, strategies to promote oral health in these individuals are necessary to assist in the rehabilitation of drug users. 4 Dentists can evaluate oral alterations that might be related to drug use, such as enamel erosion caused by contact with cocaine/crack, the presence of generalized inflammation of the oral mucosa caused by marijuana, as well as dry mouth, gingival/periodontal disease and tooth decay as a result of poor oral hygiene. 3, 4, 8, 12 The relationship between illicit drug use and oral tissues response is lacking in the literature. Therefore, the aim of this study was to compare the oral health status of users of illicit drugs, such as marijuana and cocaine/crack, with that of non-users. It was hypothesized that the use of these substances might lead to the development of mucosal lesions.
Material and methods
This cross-sectional study was performed between March and September of 2014, after approval by the Ethics Committee on Human Research of the Federal University of Santa Catarina, Brazil (CAAE 22723713.7.0000.0121, date of approval 12/09/2013). Data collection was undertaken with the written consent from each subject and according to the ethical principles.
Thirty-five patients of 18 years of age or older, of both genders, users of some kind of illicit chemical substance, and under treatment at the Psychiatric Unit of the Hospital of the Federal University of Santa Catarina (HU/UFSC) and at the Psychiatric Institute of Santa Catarina (IPq/SC) were evaluated as the experimental group. Individual users of marijuana (smoked), cocaine (intravenous or inhaled) and/or crack (inhaled) were included in the present study. Polydrug users and the concomitant users of legal substances, such as tobacco and alcohol, were also included in the experimental group. The control group was composed of 35 patients under treatment at the Dental School of the Federal University of Santa Catarina who were above 18 years of age, of both genders, and did not use any kind of illicit chemical substance. Patients were randomly selected and subjects who used legal substances, such as tobacco and alcohol, were not excluded from the sample. The recruitment sites were selected by convenience, once both institutions are reference centers for treatment of chemical dependency; individuals were selected randomly according to their attendance to the institutions. Data were collected in a period of 6 months.
A questionnaire was developed specifically for this study and was applied by two calibrated examiners to all patients (both experimental and control groups) to investigate the socioeconomic and demographic status, general health (comorbidities, hospitalizations, surgeries, allergies, and use of medication), use of legal and illegal drugs, and time and frequency of use. All data reported by the participants were considered. Completion of the questionnaire was followed by a clinical assessment of the oral health condition. Decayed, missing and filled teeth (DMFT index), salivary flow rate (SFR) by the tongue depressor adherence test and presence of mucosal lesions were the variables used to assess the oral health status by the examiners. Two stomatology professors conducted the calibration of the examiners. The same professors developed the clinical assessment protocol.
The diagnosis of oral lesions was based on clinical evaluation at the time of the interview. Complementary imaging, laboratory, or histopathological exams were requested when necessary. All patients received full support regarding diagnosed lesions. The SFR test was performed by placing a wooden tongue depressor on the buccal mucosa and assessing its adhesiveness. This method is reported in the literature as an easy maneuver to detect hyposalivation. 13 All data obtained from the questionnaires and the oral examinations were statistically analyzed using the SPSS v.16.0 software for Windows (SPSS, Chicago, USA). The Kolmogorov and Smirnov test was used to confirm the Gaussian distribution of the samples. The confidence interval was set to 95% (p < 0.05). Clinical data were analyzed descriptively with relative and absolute variables. The difference between groups regarding gender, smoking and drinking habits, use of medication, comorbidities, DMFT index, SFR, and the presence of mucosal lesions were analyzed using the chi-square test.
Results

Demographic and socioeconomic data
In the experimental group, 32 (91.43%) individuals were male with mean age of 36 years; 29 (82.85%) were Caucasian, while 6 were Black. In the control group, 14 (40%) subjects were male with mean age of 45 years; 29 were Caucasian, 5 were Black, and 1 was Asian. A statistical difference was found regarding gender (p = 0.0001). Additional demographic and socioeconomic data can be found in Table 1 .
General health
Data regarding the presence of comorbidities, hospitalizations, surgeries, and allergies in the studied groups are presented in Table 2 . No difference was found between groups.
Use of legal substances
The use of legal chemical drugs in experimental and control groups are presented in Table 3 . In the experimental group, the smoking habit of current and ex-smokers had lasted approximately 18 years, and the average consumption was 22.15 cigarettes per day. In the control group, the average smoking duration was 15.4 years, and the average amount was 15.3 cigarettes per day. A statistical difference was found between groups with respect to smoking (p = 0.0001).
The group of smokers in the experimental group was larger than the group of non-smokers (p = 0.0001) and ex-smokers (p = 0.0012) in the control group. Uppercase letters represent significant differences between experimental and control groups and lowercase letters represent differences between the variables. Statistical difference was found between experimental and control groups with respect to the habit of smoking (p = 0.0001). The group of smokers in the experimental group was higher than the group of non-smokers (p = 0.0001) and ex-smokers (p = 0.0012) in the control group. There was no difference between non-smokers and ex-smokers (p = 0.8311). Statistical difference was found between the experimental and control groups regarding alcohol consumption (p = 0.0001). The alcoholics group was higher in the experimental group (p = 0.0001) and the ex-alcoholics in the experimental group was higher than the non-alcoholics in the control group (p = 0.0001). There were no differences between alcoholics and ex-alcoholics (p = 0.806).
The average duration of alcohol consumption among alcoholics and ex-alcoholics was 18.7 years with a daily average of 2 liters in the experimental group, and in the control group was 7.5 years and daily average intake below 0.5 liters. Fermented (beer) and distilled (brandy, vodka) beverages were the most consumed in both groups. A statistical difference was determined between the experimental and control groups regarding alcohol consumption (p = 0.0001). The proportion of alcoholics (p = 0.0001) and ex-alcoholics in the experimental group was higher than the non-alcoholics in the control group (p = 0.0001).
Use of illegal chemical substances
In the experimental group, 24 (68.6%) participants used marijuana, 27 (77.15%) used cocaine, 18 (51.4%) used crack, and 5 (14.3%) used other illicit drugs. Twenty-two (62.85%) individuals used more than one drug concurrently, and 34 (97.15%) reported the combined use of legal and illegal drugs (Table 4 ). Figure 1 illustrates the concomitant use of legal and illegal drugs.
Of the 24 marijuana users, 12 (34.3%) were active users and 12 (34.3%) were abstinent. The average lifetime use of marijuana was 4.4 joints (cigarettes) per day for 13.3 years; the average abstinence period was 8.3 years. Of the 27 cocaine users, 10 (28.57%) were still consuming the drug at the time of interview and 17 (48.57%) had stopped using cocaine. The average lifetime use of cocaine was 13.1 years, the average amount of daily intake was 3.6 g, and the average drug-free time was 2 years. Of the 18 crack users, 7 (20%) were abstinent and 11 (31.4%) still used the drug. The average lifetime use of crack was 7.2 years, the average amount consumed was 11 g per day, and the average withdrawal time was 2.75 years. Five users were consuming an illicit substance other than marijuana, cocaine or crack, which included lysergic acid diethylamide (LSD), ether spray (mixture of ether and chloroform), and ecstasy (3,4-methylenedioxymethamphetamine or MDMA). 
Oral health evaluation
Data on DMFT index, SFR, and mucosal lesions are presented in Figure 2 . In the experimental group, the overall average DMFT was 9.8. Twenty-one (60%) subjects had one or more decayed teeth (1.4), 24 (68.6%) had one or more missing teeth (4.2), and 27 (77.1%) presented one or more filled teeth (4.2). Twenty-one (60%) individuals had a decreased SFR while 14 (40%) had normal SFR. No lesions with a potential diagnosis of oral cancer or potentially malignant lesions were observed; however, several mucosal alterations, such as aphthous stomatitis (n = 1), frictional keratosis (n = 6), candidiasis (n = 1), tooth extraction scars (n = 1), and tongue depapillation (n = 1) were detected.
In the control group, the average DMFT was 12.3. Ten (28.6%) individuals had one or more decayed teeth (1.05), 26 (74.3%) had one or more missing teeth (6.54), and 30 (85.7%) had one or more filled teeth (4.57). Eleven (31.4%) subjects had a reduced SFR, while 24 (68.6%) patients showed no reduction. Two cases of frictional keratosis were observed, but none with a probable diagnosis of oral cancer or potentially 
Discussion
Drug abuse is a public health problem for which preventive health strategies should be developed. Few studies address the relationship between use of illicit chemical drugs and oral health-tooth decay, reduced SFR, and mucosal lesions. Thus, the focus of this study was to determine the oral health status and the presence of mucosal lesions in association with demographics and overall health in drug addicts. A higher prevalence of mucosal lesions and a reduced SFR was found for illicit drug users, as well as in patients with higher smoking and drinking frequency.
The methodology adopted in the present study was based on the study conducted by Mateos-Moreno et al.
14 This type of methodology is not commonly applied in studies with users of illicit drugs, such as cocaine, crack, and marijuana. However, similar methodologies were largely applied to study users of legal drugs, such as tobacco and alcohol. 15, 16, 17 A similar study conducted in Brazil was recently published, 4 in which the aim was to evaluate the impact of oral health conditions, socioeconomic status and use of specific substances on quality of life of alcohol and drug addicts.
Regarding the demographic data, a statistical difference was found for gender: men were more frequent in the experimental group than in the control group. This might be because one of the data collection points (IPq/SC) admit men only or because women take better care of their general health and attend medical/ dental check-ups more often. The average age for the experimental group was 36 years, while the average for the control group was 45 years. Drug use, abuse, and addiction can start at a young age, as proved in this study. In Brazil, the average age for starting drug consumption is 16.5 years old. 18 All subjects were in psychiatric treatment or were hospitalized.
No statistical difference was found for general health and comorbidities between groups. Systemic arterial hypertension was the most prevalent disease in both groups. In Brazil, 20% of the population has hypertension, 19 which explains the high incidence of this comorbidity in the analyzed population. Use of a larger number of legal medications, such as antipsychotics/neuroleptics, anticonvulsants/ antiepileptics, antidepressants, anxiolytics, and vitamin complexes (mainly vitamin B complex) was found in the experimental group. However, for this analysis, the use of any drug was considered, regardless of the dosage, therefore no statistical difference existed between groups. Most of the above drugs are used in the treatment against drug addiction.
14 Vitamin B complex is mostly used in heavy alcohol drinkers who are malnourished (megaloblastic anemia), and to treat nerve degeneration caused by the abusive alcohol intake, as it promotes remyelination of the affected myelin sheaths.
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The population examined in this study had a higher number of cocaine users than users of marijuana and crack. Although marijuana is the most commonly used drug in Brazil, with a prevalence ranging from 2.1 -74%, depending on the studied population, 9, 21, 22 cocaine causes greater dependence than marijuana. Furthermore, even though crack is a derivative of cocaine, it is commercially cheaper and capable of inducing dependence more easily than cocaine. The use of crack is still relatively recent in Brazil. 8 Often, chemically dependent individuals are polydrug users; they concomitantly use other drugs, such as alcohol and tobacco, in addition to illicit substances. The mouth is a primary entry point for many of these agents; therefore, oral health becomes very susceptible to the synergism and the harmful effects of these substances. 23 Alcohol and marijuana are less harmful to health in comparison with cocaine and crack cocaine, once the latter two can cause more psychiatric comorbidities and cognitive impairment, and are also associated with sexually transmitted diseases and involvement in illegal activities. 9, 24, 25 The DMFT index was significantly lower in the experimental group (p = 0.0148). However, Mateos-Moreno et al. 14 found DMFT indexes in users of legal and illegal drugs of 27.13, 14.88, and 22.7. Although the average DMFT was higher in the control group, the prevalence of caries and missing teeth was higher in the experimental group and of filled teeth was higher in the control group. This could be a consequence of higher access to dental treatment by the control group. In addition, the lack of dental care for rehabilitating drug users may have contributed to the results. Based on this analysis, the use of illicit drugs cannot be directly associated with the worsening of oral health condition. However, the biases in data analysis as well as the limitations described throughout the study development must be considered. Moreover, this difference might also be related to the differences in socio-economic status between the groups.
A significantly reduced salivary flow rate was found in the experimental group. This result corroborates other studies, 14, 26 however different SFR measuring methods were used in the studies, including more accurate methods of sialometry. During the routine medical visit, the quantification of passive or stimulated salivary flow rates in these patients was not possible. However, although simple, the applied test can be useful in limited situations, allowing an initial screening for cases of hyposalivation. Because the patients included in the experimental group were primarily licit and illicit polydrug users including medication for dependency treatment, the effect of a particular drug on the SFR could not be determined. Thus, it is suggested that the use of medications may have influenced the results, thereby contributing to a higher number of diagnosed cases of hyposalivation.
27
A significantly higher number of patients with the presence of mucosal lesions was noted in the experimental group. However, no potentially malignant disorder or oral cancer lesion was diagnosed. Lesions found in the drug addicts consisted of aphthous stomatitis, frictional keratosis (from sharp teeth edges or morsicatio), candidiasis, tooth extraction scars, and tongue depapilation. In a previous study, a group of 64 legal and illegal drug users presented with lesions, such as candidiasis, angular cheilitis, ulcers, leukoplakia, mucositis, herpes, papilloma, and gingivitis.
14
The reduced number of mucosal lesions in the control group might be due to better oral health of these individuals, who, for the most part, had normal daily functions.
11 Furthermore, the high prevalence of trauma in users of illicit substances may be related to the higher number of mucosal and lip lesions in the experimental group.
14 Hyperkeratinization, a modification of the epithelium that may result from a local irritant (physical, chemical, and/or thermal), or from physiological, inflammatory, immunological, potentially malignant and malignant conditions, was the most prevalent alteration observed in drug users. The effects of heat and/or chemical components from tobacco and crack smoking can probably induce this response in the epithelium. Regarding the duration of substance use, the experimental group consumed alcohol and tobacco for longer periods than the control group. Previous studies found that oral cancer was more prevalent in males who were smokers and drinkers, 28, 29 although no association was found between lifetime marijuana use and the risk of head and neck cancer. 30 In the present study, the average duration of alcohol and tobacco use was relatively low and may explain the absence of lesions characteristic of oral cancer. Few studies indicate the specific duration of smoking and drinking that could lead to the development of oral cancer. However, because the duration of illicit drug use was even less than of legal drugs, it is likely that the absence of lesions is due to the short duration of illicit drug use in our sample. Carvalho et al. 30 found no association between lifetime marijuana use and the risk for development of oral cancer, while Marks et al. 5 suggested that the association of marijuana use with head and neck carcinoma may differ by tumor site. Because of the scarcity of studies and variations between them, it is difficult to define the relationship between amount of marijuana smoked and the appearance of mucosal lesions.
The main challenge of the present study was to find isolated users of illegal drugs, as few subjects did not use tobacco and/or alcohol concomitantly with marijuana and/or cocaine/crack. Because most of the subjects in the experimental group were polydrug users, no stratification was possible to evaluate the effect of each drug separately. Thus, we cannot conclude whether single drugs are more or less harmful to the oral environment. Moreover, due to the scarcity of patients in the psychiatric services in which the data were collected, the sample size of the experimental group was small. Further studies should assess single-drug users minimizing confounding factors, such as alcohol, tobacco, or their concomitant use. Larger samples would be important, however individual drug use is infrequent.
Because of the difficulties involved in studies with drug addicts, several methodologies are adopted according to the local realities. This leads to dissonant results of similar topics that can be related to differences in methodology, target population, sample size and choice of controls, low response rate, and inefficiency in quantifying drug use. 30 Despite several inferences published to date, there is currently insufficient epidemiological evidence to support a positive or negative association of illicit chemical substances use and the development of oral cancer.
Research with users of illicit drugs and the treatment of these individuals is complex, and includes a psychiatric approach. Thus, biopsychosocial factors and comorbidities should be accounted for when analyzing the interferences and the variables that might be related to drug use. Nevertheless, the evaluation and needs assessment of this population is extremely important to take preventive action on the risk factors for a low quality of life.
Conclusion
From the analysis of the results, it can be concluded that users of illicit chemical substances are mostly male, with a high prevalence of smoking and drinking habits. Regarding oral health, illicit drug users showed a reduced SFR and increased number of mucosal lesions compared to the control group, but no relationship with oral cancer or potentially malignant disorders was found.
